This study investigated the impact of a 12-week problem-based learning (PBL) intervention on three psychological constructs (motivation, locus of control and self-esteem) linked to learner autonomy. Results indicated that there was a significant increase in the students' intrinsic motivation (P<0.05) and a non-significant shift towards an internal locus of control after the intervention period. Students perceived the benefits of PBL to be the opportunity to work in teams and to consider a wider knowledge base. A short course of PBL was successful in developing learner autonomy and other key employability skills alongside the application of content knowledge.
Introduction
During problem-based learning (PBL), knowledge is developed by studying problems or real life scenarios in a relevant context. However, the traditional learning order is reversed, with the problem being presented first and acting as a stimulus for learning, rather than the problem being presented after the dissemination of relevant theory by the tutor (Chin and Chia, 2004; Morrison, 2004) . Students work in groups to solve problems and take responsibility for their own learning through a process of encountering a problem and exploring resources to provide an acceptable, justified solution (Mennin et al., 2003) . Students are required to work cooperatively while acting as both learners and teachers (Mennin et al., 2003; Mierson and Freiert, 2004) . Consequently, PBL is embedded in constructivist theory as students construct their own knowledge, making meaningful cognitive, social and experiential connections between prior knowledge, experiences and newly acquired knowledge (Cross, 1999) .
PBL has been widely used, with great success, in a range of vocational curricula, notably medicine and law. While typically there is no significant difference in academic achievement between PBL and traditional students (Albanese and Mitchell, 1993; White et al., 2004) , research indicates that students develop an improved attitude towards learning and higher level thinking skills when PBL is used -for example, critical analysis, problem solving and reflection (Heliker, 1994) . Spronken-Smith (2005) reported that students perceived greater development of problem-solving and analytical skills following a PBL module in research methods. Duncan and Al-Nakeeb (2006) and Duncan et al. (2007) found that students perceived themselves to have improved critical thinking skills, autonomy and employmentrelated skills following both short and longer PBL courses in sports science. There is also evidence to suggest that students perceive that they have a greater ownership of their own learning when following a PBL curriculum (Cockrell et al., 2000; Duncan and Al-Nakeeb, 2006) . Learning behaviours have also been reported to change with PBL approaches, with students demonstrating increased motivation, wider reading and critical thinking skills (Duncan and Al-Nakeeb, 2006) . PBL is not without its difficulties, however. Students frequently report frustrations in managing and coping with group dynamics (Dahlgren and Dahlgren, 2002; Miller and Peterson, 2003; Spronken-Smith, 2005) as well as managing the increased workload and time demands that PBL can generate (Spronken-Smith, 2005; Yeung et al., 2003) .
Competent sport and exercise science practitioners require problem identification and resolution skills, effective communication skills and the ability to apply content theory to practice in a variety of situations in order to realise the performance potential of a client. Consequently, sport and exercise science undergraduates need to develop their autonomy, independence and employability skills through learning.
Learner autonomy has been linked to a number of psychological constructs, particularly motivation, locus of control and self-esteem (Fazey and Fazey, 2001) . Motivation initiates the pursuit of an activity and can be further divided into two major concepts: intrinsic and extrinsic. While some extrinsic motivation is desirable, many additional benefits are gained from a high level of intrinsic motivation (Vansteenkiste et al., 2006) . When a learner becomes autonomous, she or he accepts responsibility for decisions concerning all aspects of learning (Clifford, 1999) . Locus of control (LOC) reflects an individual's explanation for achievement or failure in any given task or performance measure. Individuals who accept personal responsibility for an outcome demonstrate an internal LOC, whereas those who seek to apportion blame elsewhere exhibit an external locus of control (Chan, 2001a (Chan, , 2001b Zimmerman, 2000) . Self-esteem is a more stable, enduring construct and allows the individual to feel valued. Thomas and Gadbois (2007) indicate that self-esteem refers to global evaluations of oneself. Self-esteem exists in a hierarchical framework, so overall global self-esteem is affected by many facets. Murphy and Roopchand (2003) illustrate this in an academic setting by explaining that students with high self-esteem focus on their strengths in other aspects of their lives to suppress negative thoughts associated with failure. Conversely, individuals with low self-esteem are more accepting of negative feedback and this impacts on future motivation.
Literature supports the idea that the process of PBL results in an increase in intrinsic motivation (Dolmans et al., 1997) and is likely to lead towards a shift in internal LOC (Pierson, 1996) . Self-esteem may impact on the extent to which an individual engages in the PBL process, influencing in particular an individual's ability to make a meaningful contribution to their group's exploration of the problem(s) presented. Students who judge their capability to accomplish tasks to be low will demonstrate lower levels of autonomy than those students who believe they have a high capability to carry out the same tasks (Pajares and Valiante, 2002; Seifert, 2004; Zimmerman, 2000) . The degree of learner autonomy perceived by an individual will therefore be dependent on the integration of motivation, LOC and self-esteem.
Chaput de Saintonge and Dunn (1998) measured changes in self-efficacy and attribution style of medical students before and after an eight-week course designed to develop student autonomy. On completion of the course there had been a significant shift in attribution style from external causes to self-responsibility. There are clear links between the central learning processes of PBL and learner autonomy because students are required to construct their own learning framework (Mennin et al., 2003; Mierson and Freiert, 2004; Chung and Chow, 2004; Kremer-Hayon and Tillema, 1999; Zimmerman, 2000; Pajares and Valiante, 2002; Chan, 2001a) . However, the degree of autonomy demonstrated for any individual also relies on their prior learning experience, attitude and knowledge of learning (Dickinson, 1987) .
A variety of terms are used to describe students' ability to process and apply information appropriately which are assumed to be synonymous in relation to the wider skills agenda (Holmes, 2001) . It is these flexible skills which are most prized by employers, and the assumption is that they are developed within a graduate programme (Glover et al., 2002) . It may not be the skills per se which employers seek from graduates; it is more the flexible nature of these skills and the ability to use appropriate combinations across a variety of situations (Little, 2001 ). Miliszewska and Tan (2004) advocate the provision of a final and allencompassing module within a degree programme whereby students can synthesise and consolidate knowledge while integrating experiential learning, real-world problem solving, teamworking, decision making, critical thinking and interpersonal communication. A variety of anecdotal evidence strongly suggests that PBL is an ideal medium for developing some of these employability skills and approaches, yet this has not been empirically studied. Dochy et al. (2003) and Newman (2003) reviewed existing literature to identify the effects of PBL. While Newman (2003) maintained that very few articles included controlled quantitative data to demonstrate the effectiveness of PBL, Dochy et al. (2003) identified 43 studies that met the robust inclusion criteria of their meta-analysis of PBL. They reported that, in the medical sciences, PBL had a moderate but practically significant effect on skills (application of knowledge) and a small but non-significant effect on knowledge (Dochy et al., 2003) . It appears, therefore, that there is still a need for studies which investigate the learner benefits of PBL using a controlled research design to add to the existing body of knowledge, particularly in subjects outside the medical sciences.
The aims of the present study were twofold. The principal aim was to examine the impact of a 12-week PBL programme on learner autonomy (motivation, LOC, self-esteem). The study also aimed to investigate student perceptions regarding opportunities to develop employability skills through a PBL approach.
Method and research design
This project utilised a 'within groups design', testing assumptions and perceptions both before and after the PBL intervention process. Both qualitative and quantitative measures were used to collect data relating to perceptions of PBL and learner autonomy.
Ethical considerations
The University Ethics Committee approved the study prior to participants giving their informed consent. Focus group sessions were timetabled so as not to clash with the mandatory lecture times, and attendance at these non-compulsory sessions was regarded as participant assent.
Participants
The 25 participants were all in their final year of a sport and exercise science degree. The majority of students were classified as traditional entry students, with 8 per cent of the class classified as 'mature' students on entry to the degree programme. The module -Sport and Exercise Science in Practice -was designed to provide students with an opportunity to develop their knowledge in the subject disciplines of physiology, psychology, biomechanics and nutrition in a multidisciplinary format and then apply this knowledge scientifically to a series of contemporary, real-life scenarios. A PBL approach to teaching was deemed most appropriate to address the module's aims and learning outcomes.
Research measures
Three scales were used to ascertain motivation, self-esteem and locus of control. These scales were similar to those used by Fazey and Fazey (2001) , and previous research indicated that these were the areas where PBL and learner autonomy shared some common ground (Kremer-Hayon and Tillema, 1999; Zimmerman, 2000; Pajares and Valiante, 2002; Chan, 2001a) .
1) The academic motivation scale (AMS-C 28; Vallerand et al., 1992) is based on the hierarchical model of motivation and assesses intrinsic motivation (subdivided into: 'to know'; 'toward accomplishment'; and 'to experience stimulation'), extrinsic motivation (subdivided into: 'identified'; 'introjected'; and 'external regulation') and amotivation. The questions include 'Why do you go to university?' and the responses are scored on a Likert scale from 1 to 7 (1 = does not correspond at all; 7 = corresponds exactly). It has been shown that the three types of intrinsic motivation are significantly and positively correlated with each other 0.67, 0.62 and 0.58, while the three types of extrinsic motivation are significantly and positively intercorrelated 0.50, 0.49 and 0.45 (P<0.05) (Cokley, 2000) .
2) Rosenberg's self-esteem scale (Rosenberg, 1989 ) measures a global concept of selfesteem and consists of 10 items scored on a Likert scale (1 = strongly disagree; 4 = strongly agree). Scores can range from 10 to 40 points. Test-retest correlations range from 0.82 to 0.88 and Cronbach's alpha ranges from 0.77 to 0.88.
3) The academic locus of control scale (Trice, 1985) measures the degree to which an individual has either an internal or external locus of control. Participants circle 'true' or 'false' against a number of statements relating to themselves or their situation. The scoring awards a point for every correct match so, by disagreeing with a false statement (ie selecting 'true'), the participant scores 0 for that question. Test-retest reliability was 0.92 while internal consistency was 0.70 (Daum and Wiebe, 2003) . Participants who take responsibility for their learning and achievements and demonstrate an intrinsic desire to learn have an internal locus of control in the range of 0 to 14; and the lower their score, the higher their internal locus of control. Conversely, participants who score 14 to 28 have an external locus of control (Trice, 1985) .
Procedure
Participants were asked individually to complete the three measures at the beginning and on completion of the 12-week PBL intervention. On each occasion participants were interviewed in four random groups. Focus groups were chosen to supplement the quantitative data because they provide a means of capturing a richness of information on individuals' perceptions and are a useful tool to look back retrospectively on an experience of an intervention (Morgan and Krueger, 1998) . The focus groups were administered according to Patton (2002) and followed a predetermined semi-structured format whereby broad questions were posited to elicit student perceptions of PBL, learner autonomy and traditional didactic learning methods, which were derived from literature searches. At the beginning of each focus group, researchers discussed how each participant's confidentiality and anonymity would be protected, and how they needed to respect the confidentiality and anonymity of the group and each group member. All focus groups were audiotaped and subsequently transcribed in order to identify primary and secondary hierarchical themes.
On completion of baseline data, participants were divided into four PBL groups of seven students, and the 12-week intervention was undertaken. While the initial allocation to groups was randomised, some minor amendments were made subsequently to ensure that membership was different from the focus groups. This aimed to provide some objectivity regarding evaluation of the process and also to help optimise group composition. For the initial three weeks each group undertook a series of skills training sessions which were designed to promote knowledge of PBL, to develop group interaction and cooperation, and to equip students with advanced research skills. Students also participated in a demonstration PBL session led by an experienced PBL tutor from the institution.
The intervention phase then continued for a further nine weeks. This was implemented as three separate scenarios which were each facilitated and researched over three weeks. Scenarios were all presented in text and picture format and outlined the situation of a current sports personality (Appendix). They required students to provide a programme of multidisciplinary sports science support to facilitate maintenance/improvement of performance of the profiled athlete. The PBL format used was based on the seven-jump process as used at the University of Maastrict, which was aligned with a format previously reported (O'Neil, 2003) . A full PBL model was utilised throughout the intervention, which meant that there was no direct dissemination of content theory or input of possible solutions. The tutor served as a facilitator, encouraging students to explore their ideas in an academic framework and to encourage them to consider all potential solutions as fully as possible. This approach was adopted in preference to a hybrid model that incorporates lectures and other tutor-disseminated content to ensure that the learning environment was as different as possible from traditional didactic learning styles. At the end of every timetabled session each week, all groups completed a report sheet where they listed the learning objectives that had been identified and the investigative tasks of each individual for that week. At the end of the third and final week for each scenario, all groups were required to share their findings and support programmes with the other groups. Tutor feedback was provided following the completion of each scenario.
Data analysis
Quantitative data from the academic motivation self-esteem scale and locus of control scale were each tested for normal distribution using Levene's test of equality and error variables. All data were found to be significant -that is, not normally distributed (P<0.05) -therefore pre-to post-intervention comparisons were analysed using the Wilcoxon signed ranks test and a significance level of P<0.05 was set.
Qualitative data were analysed to identify key themes associated with the research aims using margin coding (Bertrand et al., 1992) . Preliminary thematic coding framework was organised into initial and then higher codes. An iterative process of constant comparison and analytic induction (Strauss and Corbin, 1990 ) was used to support or modify the emerging themes until further re-reads reached a final distillation of themes. Quotes from the focus groups were then selected on the grounds of representativeness.
Quotes in this paper have been coded by the prefix 'pre' or 'post' to represent before or after the PBL intervention, and a suffix G1, G2, G3 or G4 to identify which focus group the student belonged to.
Results

Quantitative data
The results showed a significant change (z=-3.049, P=0.002) in the intrinsic motivation 'to know' subscale of the AMS-C 28. The remaining subscales did not show significance (P>0.05), although there was an emerging trend. For example, the intrinsic motivation (IM) scores all increased while most of the extrinsic (EM) scores decreased, which suggests a more intrinsic focus. The academic locus of control data indicated a non-significant shift towards an internal focus, although the scores still remained relatively high (z=0.163, P=0.871). Self-esteem data increased from pre-to post-intervention, although not to a significant level (z=-1.449, P=0.147). At the outset of the module, while many students felt positive about undertaking PBL, they looked for reassurance in terms of tutor guidance and support: "I am unsure about this module as we have never done anything like it before" (pre-G1); "Yes, alright, as far as I understand it there will be guidance along the way as we need a framework" (pre-G1).
Benefits of PBL were perceived to be self-development skills: for example, increased selfconfidence, motivation and greater external benefits in terms of improved grades. Students noted that "it is good for self-confidence" (post-G4) and "increased greater interest in subject and self-confidence generally" (post-G1).
A majority of participants felt that PBL involved independent learning and greater ownership and responsibility by the student as well as having real life application: "It's down to yourself, so if you succeed or fail it's down to your own personal thing" (post-G4).
Perceived limitations of PBL focused on the lack of time: "Time is a big issue" (pre-G2). The hazards of working in groups were also highlighted: "There may be individual learners in the group who do not share ideas -this could be difficult" (pre-G1). Post-intervention students also highlighted problems in terms of there being no right or wrong answers and the risk of going off in the wrong direction and therefore wasting time: "When we returned and reported it back, it was like, well no that's not what we really want. I just think it was a bit of a waste of time really" (post-G3).
Prior to the intervention participants believed that feedback would be more prevalent using a PBL approach: "You won't be getting feedback from the tutor but from the group" (pre-G3). However, post-evaluation perceptions showed little difference in feedback across the different learning methods: "It's not been any different really" (post-G1), and the preferred method for feedback remained one-to-one with a tutor. Although the learner autonomy concept stressed learning on one's own without aid and PBL emphasised a more groupcentred approach with some guidance, students clearly saw a parallel between PBL and autonomous learning in relation to the independent nature of the work undertaken.
Students' perception of ownership of their learning prior to the PBL intervention was that the tutor would be in control of their learning, as "they [the tutors] are giving you the problem and they control the areas that you choose" (pre-G1). Indeed, one student illustrated the distinct lack of ownership in learning by saying, "We are the little people; we just sit and listen" (pre-G3). However, after the PBL, students reported that "ownership is with us" (post-G1), and that tutor control was reduced "5% not 100%" (post-G1).
The PBL experience created a preference for more groupwork with a practical focus on reallife issues, allowing more student engagement in the process. The key skills to be derived from PBL were employer-related personable skills such as communication, teamwork, motivation and time-management, which, according to one student, "are vital really for work situations" (pre-G4). Post-PBL, one student reiterated: "I think working as a group is like working with colleagues -you come across different people's strengths and weaknesses" (post-G4). These views contrasted with participants' perception of skills derived from more traditional teaching methods, namely note-taking, concentration and coping strategies: "concentration skills for long periods of time" (pre-G4); and "not falling asleep, putting ideas down on paper" (pre-G1).
Discussion
The primary aim of the study was to investigate whether the use of PBL would promote student autonomy as measured by the assessment of three psychological constructs. A secondary aim was to investigate student perceptions regarding the opportunities to develop employability skills through this PBL approach.
Motivation
The results suggested that extrinsic motivation appears to be unaffected by the PBL intervention. Extrinsic motivation among the participants was consistently high, especially in comparison to the intrinsic motivation scores. High extrinsic motivation indicates that the students were outcome-oriented. One explanation for this may be in the timing of the study as all grades at this stage contributed to the overall degree classification. Lyddy (1998) and Cassidy and Eachus (2000) support this by suggesting that, in later education, there is an increased emphasis on performance rather than learning. In an incremental ability conception, an individual believes that by increasing their effort they are more likely to achieve. However, to maintain this persistent effort, especially in the face of difficulties and challenges, the individual is more likely to focus on extrinsic factors (Li, 2006) . This is particularly true in an academic environment where performance is consistently measured through achievement of specific grades and classifications. The qualitative data reinforce this point as most participants admitted that they were studying in order to: "increase career prospects" (post-G4); "X said it was a chance to get a good grade" (pre-G1).
Intrinsic motivation was low in the sport and exercise science students primarily because extrinsic motivation was high and perceived as more important in gaining suitable employment opportunities. However, there was a significant increase (P<0.05) in the intrinsic motivation subscale 'to know' following the PBL intervention. This suggests that completing a 12-week PBL course enhanced students' desire to know. Although intrinsic motivation 'to accomplish' and 'to achieve stimulation' also increased by a greater amount than changes in extrinsic motivation, these results were not significant (P>0.05). Overall, there is an indication of a possible emerging trend towards increased levels of intrinsic motivation following a short PBL intervention (12-weeks). This is supported by Dolmans and Schmidt (1994) , who found that PBL serves as a powerful stimulus for intrinsic motivation to learn. This shift in intrinsic motivation to learn may occur as a consequence of working in teams, which students perceived as one of the greatest benefits of PBL: "You can come back and get a wider knowledge because more people have gone and done the research" (post-G3). Alternatively, the increase in intrinsic motivation may occur as a result of increased ownership of learning (see 'Locus of control' below), which has also been reported previously (Duncan et al., 2007) .
Locus of control
As might be expected, the locus of control (LOC) amongst the participants prior to the PBL intervention was high, indicating a reliance on powerful, significant others for their own success or failure and a trend towards external LOC.
There was a small but insignificant decrease in the LOC scores after the PBL intervention (P>0.05). However, the qualitative data suggest that participants' perception of control changed more considerably. Prior to the intervention students indicated that ownership of the curricula was with the tutor as "they are giving you the problem and they control the areas that you choose" (pre-G1). On the other hand, after the intervention the consensus was that "ownership is with us" (post-G1). Kremer-Hayon and Tillema, (1999) suggest that selfregulated learners attribute success or failure to themselves rather than others. Similarly, Pajares and Valiante (2002) reported that higher levels of learner autonomy are seen in those students who judge their capability to accomplish tasks as high. The key processes in the PBL approach -identifying own learning issues (needs) and (setting) objectives; conducting independent information gathering and evaluation; and improving the sharing of their results -are likely to contribute to a shift in control (Chung and Chow, 2004) . The constructs of the course create a virtuous circle: by increasing the degree of learner control, there is a necessary increase in self-confidence and intrinsic motivation (Dickinson, 1987) . The converse is also true, in that students who feel that they are not in control are likely to have decreased confidence in their abilities and decreased self-esteem (Seifert, 2004) .
LOC data suggest that the final year sport and exercise science students in this study perceived themselves to have little control over their own success and failure. This finding contradicts that of Fazey and Fazey (2001) who reported that first year undergraduates perceive themselves to be in control of their own success and failure. Pajares and Valiante (2002) , Lyddy (1998) and Cassidy and Eachus (2000) all support the existence of a general trend where students show a decrease in confidence in their self-regulatory learning strategies over time.
Self-esteem
Students' belief in their academic capabilities is known to be highly influential on their motivation to achieve. Indeed, self-efficacy has been shown to have a greater influencing capacity than outcome expectancies (Zimmerman, 2000) . In the present study, therefore, with the high self-esteem scores pre-and post-intervention, we would expect to see scores relating to high levels of intrinsic motivation and an internal locus of control. However, this was not the case. It should be noted that sporting populations are likely to have higher selfesteem scores than the normal population (Bailey, 2006) . This could be due to the realistic appraisal of skill competency within the sports environment. This often leads to a goal-setting approach where improvements, monitored regularly, contribute to increased feelings of selfefficacy. This is likely to be the main explanation for the high scores recorded, particularly as Rosenberg's self-esteem scale questionnaire measures self-esteem as a global construct in which sport is only one part of the hierarchy, thus reflecting the student as a 'person' rather than as a 'learner'. A further possible explanation is that, owing to the timing of the intervention, those students who perceived themselves to be successful in their studies may well have a high level of self-esteem regardless of being extrinsically motivated. A more specific measure to capture aspects of self-esteem might have been preferable -for example, a self-efficacy measure related to the specific learner context may have provided more reliable data. Self-efficacy is seen as a situational aspect of confidence which, over a period of time, can influence an individual's self-esteem (Buckworth and Dishman, 2002) .
Participants found it difficult to work outside their comfort zone of regular feedback from tutors. As one student commented, "Yes, if feedback after each problem is given, you know if you have the right angle" (pre-G1). Despite understanding that feedback would come primarily from their group -"wouldn't be getting feedback from the tutor but from the group" (pre-G3) and "we will gain personal feedback from each other when we work as a group" (pre-G4) -participants still demonstrated a high external LOC by their reliance on the feedback from powerful and significant others and placing little relevance on the feedback they received from each other. This again seems contradictory when related to the high selfesteem scores reported in this study. The general nature of the self-esteem scale questions may have inadvertently contributed to this discrepancy through misinterpretation or misapplication of the question content.
Employability skills
The focus group research indicated that PBL more effectively equipped students with employer-related skills such as teamworking and communication, which, according to one student, "are vital really for work situations" (pre-G4). Post-PBL, one student reiterated: "I think working as a group; it's like working at work with colleagues you come across different peoples strengths and weaknesses" (post-G4). Research has demonstrated that there is a shift towards process-oriented learning that will develop content knowledge, and that employer skills should also be considered (Miliszewska and Tan, 2004; Glover et al., 2002; Little, 2001) . PBL does offer more to students than content knowledge through the development of a range of lifelong competencies including critical reasoning, teamwork and problem-solving skills (Major and Palmer, 2001; Chung and Chow, 2004; Dunlop, 2005) .
Conclusion
The present study provided evidence that a comparatively short course of PBL can help promote learner autonomy as measured by a significant increase in levels of intrinsic motivation and non-significant shifts towards an internal locus of control and increased selfesteem. It is likely that a more prolonged use of PBL would generate higher levels of learner autonomy (Dolmans and Schmidt, 1994) . Furthermore, students were able to identify that PBL enabled them to develop employability skills in addition to the application of content knowledge.
PBL appears to be an effective learning and teaching strategy for sport and exercise science students in higher education, leading to the development of learner autonomy, content knowledge and employability skills. Sport and exercise science programmes should consider the use of PBL approaches at all levels to encourage development of lifelong learning skills, while taking into account the perceived barriers of time-management, groupwork and effective tutor support and facilitation. Practitioners may also wish to consider whether the apparent use of traditional pedagogic learning styles is reducing students' ability to become autonomous by focusing on outcome rather than process.
